COMMISSION 25 2. ADVANCES IN TECHNIQUES OF STELLAR PHOTOMETRY
During the triennium since the Grenoble Assembly the changes in stellar photometry which had been foreseen in previous reports have become a reality; this report will reflect certain of these and will try to outline the salient features of some of them. Many of the improvements have been a growth careful and planned following the advances of the classic photometries of the 1950's, while others are associated directly with the tremendous breakthroughs in recording and detection techniques which characterized the later years of the decade of the 1970's. We summarize some of these as follows:
1. The influence of techniques developed for other purposes which incidentally but substantially forward the progress and quality of stellar photometric studies. Among these we include the recent improvements in the sensitivity in receiver design involving a most reliable and stable discernment and measurement of the S/N ratio of radiation from the stars.
2. The marked extension of the range of photometric sensitivity into the regions of the space ultraviolet and into the optical and radio regions of the infrared. The extension into the far UV has been achieved largely through the successful launching of orbiting space observatories whereas the work in the near IR is to be attributed rather to the improved photographic emulsions and their sensitization by a variety of new techniques and in the far IR to the development of detectors of increased sensitivity and stability such as the doped crystals of germanium which have lead to the Germanium-arsenide receivers.
3. A parallel development of software for reducing the numerous observations secured with exactness and ease. In many cases these advances allow observations of stars on nights of less than perfect photometric quality provided only that observations of star and of star plus sky can be made simultaneously. This development of the supplementary software refers both to improvements in counting techniques and in automatic data recording and reduction; one thinks of the programs of recent introduction in many observatories such as the popular photometric program (PPP) devised by W. Kunkel and associates at Cerro Tololo; this program involves a kind of running dialogue between the master programmer and the astronomer at the telescope; it places at the disposal of the observer the "instant aids" of a "first look" at his photometric results by providing a rough solution for a color observation; this can after examination be consigned to its place in the recorded data bank for later elaboration and refinement or as necessity may demand can induce the observer to repeat, while there is time those observations which later might have to be abandoned and discarded.
4. Perhaps the major advancement in the past three years is due to the developments of the panoramic detectors in ever larger arrays. Developments here bid fair in the 1980's to revolutionize photometry by giving it a sound observational basis for the detection and measurement of very faint sources. This with the limited resources available earlier was hardly possible.
5. Parallel to these developments in space and at ground stations in the far UV and in the near and far IR has been the growth and availability of electronic technologies which allow for reliable interfacing with photometers and with photon counters. We mention here at the same time another by no means minor contribution to the photometric 'risorgimento' we enjoy today; this is the development in the theory and practice of the photographic process, which has provided us with emulsions of much increased sensitivity and with a wealth of hypersensitizing and filtering techniques so indispensable for photometric success especially with extremely faint sources.
6. Certainly an outstanding feature of the advances in the growth of present day photometry has been the increased availability of so many new light gathering facilities. One thinks at once of the numerous new large reflectors which have become available in the past triennium; many are equipped with Ritchey-Cretien optics and field correctors which permit deep penetration of space plus a wide field of observation available for photometry. This has opened serious photometry of faint sources to our colleagues throughout the world. Along with these improvements in large reflecting telescopes one notes the presence at high altitude observing stations of new or improved fast wide angle cameras of the Schmidt and Matsukov types with a variety of new recording devices for stellar photometry and polarimetry.
For these improvements on the ground and in space (one thinks here of the works in progress now in the preparation of photometers and polarimeters for the Space Telescope and for the ESA and other laboratories in space) we are most grateful and ready to accept the challenges presented for future photometric and polarimetric research.
BOOKS AND CONFERENCES ON STELLAR PHOTOMETRY
Photometric progress and problems have been covered extensively and well in several books published during the triennium, among which we list the following: 
J. A. Graham (Cerro Tololo Inter-American Obs.)
Graham is engaged in a long-term program for setting up standard stars in the Harvard E-regions for UBVRI photometry on the Kron-Cousins system. The standards will reach 16th magnitude and are based on Cousins' photometry of brighter stars in the field. Special attention is being paid to covering a large magnitude range within a small area of the sky so that the standard stars can be used to check the calibration of area detectors. A supplementary list of stars is planned to cover a large color range at magnitudes between 10 and 12.
B. Hauck (Institut d'Astronomie de l'Universite de Lausanne et Observatoire de Geneve)
The group of our Institute has continued its efforts to collect all photometric data. The list of catalogues can be found in the Information Bulletin of the CDS. However, we would mention in particular the catalogue of Mermilliod and Nicolet (Astron. Astrophys. Suppl. 1977, 2i> 259) giving all measurements in the UBV system and that of Nicolet giving (for the UBV) a mean value for 53,000 stars (in press). A new version of the uvby p catalogue ( <^> 16,000 stars) is now in preparation and will be ready at the time of the General Assembly.
Mermilliod is working on comparative studies of young open clusters and has
found (18.153.029) a new gap In the main sequence between spectral types B7 and B8. He is now working on a better definition of the observational isochrones in various photometric diagrams, using for this purpose the new edition of his catalogue on UBV and MK types for star clusters (18.153.023).
Hauck has continued his study of the Ap stars and a photometric parameter of peculiarity has been established for the Ap stars measured in the Geneva system (18.113.015, and Astron. Astrophys. in press).
North has made a preliminary study with a view to using a system (following a proposal by Straizys) employing the U, Bl, B2 and V filters of the Geneva system and P, Z and S of the Vilnius system. With these filters many properties of both systems are conserved and it also seems to be very good for the study of the cool stars.
A. U. Landolt (Louisiana State Univ.)
Landolt Is observing secondary UBVRI photoelectric standard stars around the celestial equator. On the order of 400 stars in the range 7 K. V (. 17 and -0.2 <. (B -V,)< +2.0 between +10° ^ S \ -10°are being observed at Cerro Tololo. The photomultiplier is a RCA 31034. This is an expansion of work published (Astron. J., 78_, 959, 1973 ).
E. Rybka (Krakow)
Among activities in stellar photometry in the past three years are the following:
1. Catalogue of magnitudes of HR stars in the uniform P., and V systems. 3. The final catalogue of 229 photometric standards in the UBV system near the Selected Areas 1 -115. This work is in press in Acta Astronomica Warsawa. It contains the completion of the author's investigations concerning the determination of photometric standards distributed uniformly over the sky in the northern hemisphere.
STELLAR P0LARIMETRY
(G. V. Coyne)
Summary
Significant advances have been made in technique for high resolution polarimetry. Moderate resolution ( ^ 2 A-20 A) has been achieved with the technique of tilt-scanning with narrow band interference filters. The highest resolutions (less than 0.5 A) have been obtained by coupling an echelle spectrograph to various types of panoramic detectors.
These techniques have been used to study intrinsic polarization in various types of stars including: 1) rapidly rotating early type stars with extended circumstellar envelopes and emission-line spectra (Be stars) and Wolf-Rayet stars; 2) close dynamical systems in which stars are distorted by their close proximity or are losing mass into gas streams or some common envelope; included here are dwarf novae and X-ray binaries; 3) cool red stars with very extended atmospheres or those with circumstellar dust shells, including the regular pulsating variables of the Mira type, carbon stars, R CrB stars and other cool giant and supergiant stars.
Techniques
In recent years considerable effort has been made to increase the spectral resolution with which the Intrinsic polarization from various types of stars is measured. At each increase in spectral resolution further significant detail has been revealed in the polarization. These observations have contributed to the study of the stratification in the extended atmospheres about early and late type stars.
A few spectropolarimeters have been designed by using the tilt scanning properties of narrow band interference filters (the process is similar to tilting a Fabry-Perot etalon) to enable limited spectral regions ( t^ 60 A) to be scanned and polarimetry to be performed sequentially at many wavelengths in the scan range (Clarke and McLean 1975) . More recently wavelength scanning instruments have been used in which the polarizing optics have been coupled with the standard grating monochromators and multi-channel Cassegrain scanners. One such instrument is in use by the Royal Observatory Edinburgh. Early fears of severe instrumental polarization effects when using gratings have been overcome by always locating the polarimeter ahead of the spectrometer in the optical train. Using some birefringent device as an optical retarder (sometimes variable) followed by a fixed, perfect polarizer, ensures that the spectrometer is fed with fully polarized light having a constant direction of vibration, only the intensity of the light is modulated by the operation of the retarder. The most commonly used "fixed" retarders are achromatic wave-plates (made for example from quartz and magnesium fluoride) which have a great advantage, especially for spectropolarimetry, of giving a wavelength independent modulation as they are rotated. Pockels cells (electo-optic crystals) and photo-elastic modulators (piezo-optic crystals) are the best known variable retarders. Although they are not achromatic they have the advantage of having no moving parts. They also have higher modulation frequencies. A Pockels cell is used with a spectrograph and Reticon panoramic detector at Steward Obs., Univ. of Arizona. In addition, the photoelastic modulator has a wide field of view. However, because of readout limitations, these advantages are minimized for the detector arrays discussed below.
Undoubtedly, the most significant innovation in astronomical spectropolarimetry has been the recent development of multi-channel instrumentation, made possible by the application of linear and two dimensional photon-counting detector arrays. One such device, employing a Digicon image tube has been constructed at the University of Arizona according to a design by K. Serkowski (McLean, et. al. 1979 ). In the Digicon, photoelectrons, emitted by an S-ll photocathode on which the optical spectrum is imaged, are magnetically focussed onto a linear array of 106 silicon diodes. Magnetic stepping over half diode intervals gives effectively 214 channels. A rotating superachromatic half-wave plate and a fixed prism in front of the spectrometer are used for measuring the linear polarization Stokes parameters simultaneously in all channels. This instrument may be used in a low or high resolution mode. The low resolution mode uses a grism giving a resolution of 30 A between 3000 A and 7000 A; the high resolution mode uses an echelle which gives a resolution of ^0 . 3 A around H g A CID will also be employed as a detector with this system. It is expected that all new spectropolarimeters will be designed to use two-dimensional photon counting image detectors with high quantum efficiency, such as Vidicons, Reticons, CID and CCD arrays.
Observational Results
A general review of new developments in the polarimetric study of Be stars has been given by Coyne (1976) . More recently, variations have been found in the linear polarization at a resolution of ^0 . 5 A across the H p line of the Be shell stars Y Cas, <£ Per, ty Per and j , Tau (McLean, et. al. 1979) . At the line center the polarization increases and there are secondary minima in the polarization in the extreme line wings. The flux profile, obtained simultaneously 
